a marked increase in the number of capsules, seem to have been due to changes of relationship between a number of physiological factors.
In the following articles the writers compare the morphological changes observed in these polyploid plants with the diploid plants.
The colchicine polyploids which were successfully induced in 1945 have been cultivated and carefully observed every following summer for seven years.
In the cytological studies in Sesamum hitherto reported the somatic chromosome number has been reported as 2n=26 by Morinaga et al (1929) , Sugiura (1936) , Kumar and Abraham (1941) and Kobayashi (1949a) . The meiosis in this genus, on the other hand has been described and reported by Nohara (1934) , Kumar and Abraham (1941) and Kobayashi (1949b) as n =13.
The phenomenon of secondary pairing in the meiosis of the pollen mother cell is very often observed in diploid plants.
In induced tetraploid this secondary pairing appears more conspicuously in the doubling of the number of chromosomes.
The peculiar type of this phenomenon in Sesamum is exceedingly interesting from the cytogenetical point of view.
The following paper deals briefly with the cytological observations on this problem as a preliminary report.
The junior author (Kobayashi) will discuss this subject in further detail in a future paper. This research was made possible by assistance from funds for Scientific Expenditure granted by the Ministry of Education. We want to express our cordial thanks to the authorities.
Materials and Methods
Three of the many forms of Sesamum indicum L. (2ia=26) quite commonly cultivated in Japan were used as the basis for this study.
The most distinctive character of these forms is the colour of the seed-coat, and they are popularly called, accordingly the black sesame, the yellow (or brown) sesame, and the white sesame.
These materials were supplied through the Prefectual Agricultural Experiment Station at Kiyosu in Aichi Prefecture.
For the sake of convenience throughout the present investigation the diploid plant of the black-seeeded form is designated as BD, of the yellow-seeded form as YD, and of the white-seeded form as WD. Further, BD is divided into two types, which we have designated as B1D and B2D respectively.
In fact, both B1D and B2D are very much alike in plant form, but BAD has short hairs on the stem and the leaves are broader, the branching more numerous, the seeds larger, and the surface of seeds coarser than those of BD.
In May, 1945, we tried to induce the tetraploids of these diploid forms by the colchicine method.
Two methods were employed :
(1) Seeds were immersed in different concentrations, from 0.05 to 0.8% aqueous solution of colchicine for five days (Immersion method).
(2)
Vegetative tips of five-or six-day seedlings were treated with drops of different concentrations of colchicine (0.05 to 0.8%) for five days (Dropping method). The most suitable concentration of colchicine for induction of polyploidy in sesame, irrespective of method, was found to lie between 0.2 and 0.5 0 (Tables 1 and 2 ). In the immersion method, after the treatment each seedling which survived was washed and carefully transplanted in the seedling bed, along with untreated young plants, in a green house and grown under similar conditions. Generally the treated plants had peculiar external features which remained even in the adult plants, but in some plants they gradually disappeared and at the adult stage it was nearly impossible to distinguish between the treated and untreated plants.
The final determination of tetraploid plants, therefore, was done by the examination of pollen grains and by chromosome counts.
Of the treated seedlings, besides the tetraploid, some mixoploid plants which had an admixture of diploid and tetraploid tissue were often obtained (Tables 1 and 2 ).
Some of the mixoploids were systematically observed by way of comparative study.
Both root tips and flower buds from treated and untreated individuals, were fixed with Navashin's solution. Sections were cut from 10-12 /e by the paraffin method Figs. 2--3. Young seedlings of S. indicum, 12th day after the sowing. . But the growth rate at the beginning of the growing stage of tetraploids was very much slower than that of diploids, then it quickened gradually, so that the tetraploids came into full blooming about one week later than the diploids, and the harvest of tetraploids, further, was about 10--20 days later in comparison with the diploids.
The growth rate of diploids and tetraploids is indicated in Fig . 7. c) Leaves. The those of diploid and ( (length x breadth in cm.) of the largest leaf in diploid, tetraploid To see whether or not the epidermis of the plants had become poly-, ploid, stomata were examined.
The normal diploids have smaller stomata and about twice as many per given area as tetraploids (Table 5 , Pl. JV, Figs. 1 and 2).
On the mixoploid leaves were mixed diploid-and tetraploid-like stomata (Fig. 5 ).
e) Flowers. The tetraploid flowers tend to be larger and have broader petals and thicker corolla tubes (Table 6 In consequence, its fertility is comparatively high (Table 8 ). In the mixoploid grains examined, mixed diploid-and tetraploid-like grains in the microscopic fields were very frequent ( Fig. 6 )a Table  5 .
Number and size (length x width in µ) of stomata. Average size (corolla diameter x flower length in cm.) of flowers. This can be recognized as one of the chief differences between the Black and the other two groups.
The induced tetraploid of Blacks and Black: grow densely with many branches at the adult stage (Fig. 8) .
In Black1 the node numbers of the tetraploids, especially, increase in proportion to the increase of their growth (Table 9) , and the length of the internodes is also longer than in the diploids. Arrangements of the capsules on the stem are very dense as if they have opposite phyllotaxis and, further, the internodes are shorter than in Black1 and Black2. Number of branches and nodes. The number of capsules per plant in the tetraploids is generally smaller than in the diploids except for Black t (Table 10) . The larger number in the Black tetraploids results chiefly from the more numerous branchings than in the diploids. In a few tetraploids of Yellow and White, we often found, the number of capsules per one opposite phyllotaxis had increased though the total number of capsules per plant had decreased.
The maximum number per one opposite phyllotaxis we found to be nine (Fig. 8) . This flourishing physiological condition may be due to the metamorphosis of nectary glands in axis, as a result of the diploid's being transformed into a tetraploid. Table 11 ). And the seeds from one tetraploid capsule are fewer in number than from that of diploid (Table 12) . It can be seen from Table 12 that the seed fertility of the tetraploids is comparatively high through each form. Comparison of the fertility per capsule of diploids and tetraploids. The mean of length of A, B, and C was 1.85, 1.43, and 1.21 micron respectively.
The lengths measured on the chromosomes agree with those of Sugiura's data (1936) approximately. It is noteworthy that some of the homologous chromosomes showed a tendency to somatic pairing.
The meiosis of the diploids goes quite normally, producing good pollens. (Table 14 , Pl. VII, Fig. 28 ). Table 14 . Frequencies of secondary pairing types at metaphase I in pollen mother cells in diploid S. indicum.
In the diploids, occasionally one or more quadrivalents, of the ring and chain type,
were not'ced (Pl. VII, Fig. 29 ).
The maximum number of the quadrivalents was four 4'v + 5iz (Table 14) . Secondary pairings, also, were recognized on side views at metaphase I (Pl. VII, Fig. 30 ). These phenomena were very often remarked at the second metaphase.
Beyond expectation, the occurrence of the quadrivalents in the tetraploids was more frequent than those of the bivalents, and the occurrence of univalents, trivalents, and octavalents was very rare (Table 15) . With regard to the type of secondary pairing in the tetraploids, we have designated the chromosome configurations from 9 to 13 as class A and the others as class B.
As indicated in Table 15 , the configurations belonging to class A were more frequent (70. 95%) than those of class B (29. 05%). Table 15 . Chromosome configurations and associations at metaphase I of pollen mother cells in tetraploid S. indicum.
In the numbers observed as having 13 configurations, 6 cases (0.72 %) that did not have any secondary pairing are included, but this is a negligibly small number.
It was commonly observed in the class A that some of the quadrivalents happened to lie close together : therefore, they showed different numbers of secondary pairing.
On the contrary, in the class B, several chromosome associations were seen, and in those associations bivalents were most freq ueut, q uadrivalents were next, and univalents, trivalents, and octavalents were very small in number. Furthermore, in this class secondary pairing was almost never observed. Table 16 gives a summary of the various pairings met with in the class A. The maximum secondary pairing was 41w_iv + 5IV (PI. V11, Fig. 31 ). It is of further interest that four octavalents were observed as the maximum chromosome pairing in the tetraploids : 4rv_iv -f 5TV (Pl. V~, Fig. 32 ). Chromosome separation of the quadrivalents and the octavalents at anaphase I is comparatively normal (Pl. VII. Fig. 33 ) and secondary pairing is maintained : the side views at this stage show that some groups with secondarily paired chromosomes were still visible. But a few irregularities in the division, viz, lagging chromosomes, chromosome bridges and others, were seen through the first and second metaphase.
Consequently, the tetraploid pollen grains yielded were comparatively fertile ones.
Discussion
In our experiments the use of colchicine proved to be highly efficacious in inducing an abundance of tetraploids in S. indicur. Of our two methods of application, immersion and dropping, to induce the tetraploids plants, the latter was more effective than the former : five or six-days treatment of seedlings with 0.2°i colchicine solution resulted in a 75 90 % yield through several forms. The former, on the contrary, resulted in the comparatively low occurrence of the tetraploids of only 20 w 30 ,%, with A in pollen mother cells a maximum 0.5°o colchicine solution. This lower occurrence of tetraploids by the immersion method was due to the relatively large number of seeds which did not germinate and of seedlings which died. In fact, the hypocotyle plumped abnormally and died away soon after the germination. These phenomena, especially, were more remarked when high concentrations of colchicine were used.
For a few days after the treatment with colchicine, the plants stopped growing and seemed to remain in this state for some time, and then they resumed growth gradually.
So that the life period of the tetraploids was longer than that of the diploids.
The growth rate of the tetraploids outstripped that of the diploids about 40 days after the treatment, furthermore the difference in growth habits between them became more obvious. Tetraploid Blacks particularly, with its branching habit, was the most conspicuous.
It has been noted by previous invesigators that the autopolyploid plants are very often more robust, with thicker stems and larger leaves, flowers, and seeds than the diploids.
In our materials these facts were well substantiated.
It is of interest that the fertility of the tetraploids in Sesamum produced by the colchicine method is comparatively high in comparison with that other induced polyploids.
This has been already pointed out by Langham (1942) .
The fact that autotetraploids of S. indicum show comparatively high fertility can be partially explained by our cytological observation that thirteen quadrivalents has a prevalent frequency as the chromosome pairing at metaphase I while univalents and trivalents appear infrequently.
The cause of fertility depends, of Cource, upon various factors and is not so simple that it can be attributed to one, but an important possibility lies in the assumption that every quadrivalent chromosome is equally divided into two and that the disjunction takes place regularly and since no irregularity in polward movement occurs, good pollens are produced and normal seed setting takes place. In cytological studies of the diploids, one notable feature is that there are secondary pairing of chromosomes in many preparations. Kumar and Abraham (1941) observed in diploid S. orientate that on the secondary association the most frequent type of association was into groups of seven : 23 23 31 and also 13 42 21. As a result they have suggested that the original basic number of the genus is probably seven.
however, as already indicated, in our observations we never saw such a type. In our studies the type of secondary pairing, 4II-II + Sn, was the maximum frequency.
This type means four groups of two bivalents each and five ungrouped bivalents.
A further characteristic feature to be noted is that at metaphase I of the diploids some quadrivalents were seen though their appearance was very rare. The maximum number of the quadrivalents was four : 4iv ±5k,. This fact reveals S. indicum as one of the secondary polyploids.
Our consideration tends to suggest that it is highly probable that the original ancestor of S. indicum had nine as the basic number from which the cardinal number thirteen has been derived. Summary 1) Induced polyploidy in Sesainu,n indicum L. by the colchicine method is described; two different methods, namely the immersion and dropping, were used, the latter proving more effective than the former.
2) As the characteristics of autopolyploidy, the tetraploid plants were extremely robust, with much thicker stems, larger leaves, stomata, flowers, and seeds than the diploids.
3) The fertilities of pollen grains and seeds per capsule from the tetraploids were comparatively high with averages of 74. 10% and 77.74% respectively. But the yield of seeds per plant of the tetraploids was unfavorable. Figs. 1-2. Stomata from leaves of diploid ( Fig. 1) and tetraploid (Fig. 2 ). x 140. Figs. 3-4. Pollen grains from diploid (Fig. 3) and tetraploid (Fig. 4) .
x 50. 
